In recent decades, essential oils (EOs) have become an important alternative source of antimicrobial agents. The objective of this study was to evaluate the antimicrobial activity of EOs obtained from the leaves of Myrcianthes leucoxyla Mc. Vaughn., Vallea stipularis L.f and Phyllanthus salviifolius Kunth for prevalent microbial strains and also to contribute to the knowledge of their chemical composition. EOs were obtained by hydrodistillation and analyzed by GC-MS. The main compounds for V. stipularis EO were α-tujene (6.6%) and cedrene epoxide (12.0%), for M. leucoxila EO 1,8 cineole (6.3%) and caryophyllene oxide (21.7%), and for P. salviifolius aristolene (17.3%) and geranyl tiglate (15.9%). Antimicrobial tests showed that M. leucoxyla EO was the most active, showing zones of inhibition against all strains used, specifically against Pseudomonas aeruginosa and Salmonella typhimurium with percentages of inhibition higher than 50%. Compared with positive controls, this activity may be related to the presence of 1,8 cineole.
For many years, diverse plant species have been used as a main source for the development of phytomedicines. Many of these developments have been based on ethnobotanical studies that support the traditional use of medicinal plants in a particular region. The use of antibacterial medicine has been widespread for decades; these medicines have been used incorrectly in both humans and animals, which have favored the selection and spread of resistant bacteria. Consequently, antibacterial medicines have gradually lost their effectiveness, which has triggered a global health emergency [1] . With the emergence of new, antibiotic-resistant microbial strains, there has been a perceived need to study alternatives for the treatment of various infectious diseases. In Colombia, specifically in Bogotá, the microorganisms most frequently found in hospital services, including intensive care units (ICU), are Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa and Staphylococcus aureus. E. coli, a microorganism associated with urinary tract and bloodstream infections, is one of the bacteria most resistant to beta-lactamase extended spectrum antibiotics [1, 2] . EOs, including extracts and fractions obtained from plant species, have antibacterial, antifungal and antiviral activities and have been studied as a new source of antimicrobial compounds as an alternative for infectious disease treatment [3, 4] . EOs are liquids produced from plant material, especially flowers. Some of them are solid or resins at room temperature while others are soluble in lipids or organic solvents, with a generally lower density than water [5] . The hydrophobicity of EOs and their components allow them to interact efficiently with the lipids of cellular and mitochondrial membranes of bacteria, altering the permeability of these structures [6, 7] . Among the most studied compounds, because of the antimicrobial activity of the EOs, are cinnamaldehyde, geraniol, thymol, menthol and carvacrol [3, 8] . The damage and cell membrane fluidization, enzyme inhibition, blocking efflux pumps (one of the main causes of bacterial multidrug resistance) and the induction of leakage of cellular ions appear as the main EO action mechanisms [8] .
Myrcianthes leucoxyla
Mc. Vaughn., Vallea stipularis L.f and Phyllanthus salviifolius Kunth are native species of Colombia, which are distributed in the Andean Plateau of Cundiboyaca between 2,400 and 3,400 meters above sea level. Traditionally, a decoction of the leaves and fruits of M. leucoxyla is used to treat toothache because of its stimulant and astringent effects. Previous phytochemical investigations have reported the presence of tannins, flavonoids, terpenoids and monoterpenes in the essential oil of the leaves. A previous study found that the EO from M. leucoxyla leaves was active against Staphylococcus aureus, but not Escherichia coli; the study also reported the presence of α-pinene and 1,8-cineole as major compounds [9, 10] . Tannins, alkaloids, steroids and flavones have been reported in V. stipularis, and some studies suggest that the aqueous extract of the leaves can be used as an anti-ulcer treatment, as well as for stomachache and colds; it additionally shows activity against malaria [11, 12, 13] . P. salviifolius can be found in the north of South America. In Colombia it is located in the central and eastern Andean mountain ranges. In the department of Cundinamarca, it is found in the municipalities of the Andean Plateau of Bogotá and surrounding areas, among other places, between 1,800 to 2,900 meters above sea level; it is native to Colombia [9] urological diseases, sexually transmitted diseases (STDs), diabetes, hypertension, cancer and wounds [14] . Considering the data on the traditional knowledge of the three studied species and the small amount of information about them, the purpose of this study was to evaluate the antimicrobial activity of the essential oils obtained from the leaves of the three species mentioned and to determine their chemical compositions.
EOs from the leaves of V. stipularis, M. leucoxyla and P. salviifolius were obtained in 0.1% yield. Identification of the components present in each essential oil was performed by comparing RIs, and mass spectral data reported in the literature [15] . For all three species, 76 compounds were confirmed, including monoterpenes, sesquiterpenes, aliphatic hydrocarbons and oxygenated compounds. In Table 1 the compounds identified by comparison with retention rates and the NIST library 08 are shown; the relative amounts corresponding to the percent abundance of each component of the EOs is also shown.
Essential oils of three plant species from the Sabana of Bogota Natural Product Communications Vol. 11 (12) 2016 1915 In the essential oil of V. stipularis 78.5% of the sample is distributed between 39 compounds, of which 18 are monoterpenes (44.6%), 19 sesquiterpenes (33.0%), one an aromatic hydrocarbon corresponding to m-xylene-2 ethyl (0.1%) and a diterpene corresponding to thunbergol (0.7%). The major components were α-tujeno (6.6%) and cedrene epoxide (12.0%).
For the leaf essential oil of M. leucoxyla, 78.6% of its chemical composition was distributed among 33 compounds, of which 14 were monoterpenes (37.7%), with 1,8 cineole (6.3%) as the major compound within this group. Sesquiterpenes represented 36.4% distributed among 11 compounds, of which caryophyllene oxide (21.7%) was the major component. This result is consistent with the results of Apel et al. and Arze et al. [16, 17] who reported 1,8-cineole as the major compound for M. cisplatensis (29.8%), M. osteomeloides (55.7%) and M. pseusomato (24.4%), and caryophyllene oxide for M. gigantea (6.7%) and M. pungens (2.3%). Other oxygenated compounds such as esters, alcohols and aldehydes were identified for M. leucoxyla oil, representing 3.6%. Within this, 2-heptenal (1.0%) is highlighted as the largest of the oxygenated compounds. An aliphatic hydrocarbon, 1,2diisopropenylcyclobutane (0.7%), was also identified.
For the essential oil from P. salviifolius, 21 compounds were identified, which correspond to 77.7% of the total composition; of these, two are monoterpenes (2.7%), with citronellol (1.3%) as the largest compound within this group. Sesquiterpenes represent 63.3%, distributed between 15 compounds, of which (-) -aristolene (17.3%) and geranyl tiglate (15.9%) were in greatest abundance. Other oxygenated compounds represented 12.6% of the total and include an ester (1.8% geraniol butyrate), two alcohols (2-hexyl-1decanol 1.4% and 8.1% n-nonadecanol) and a carboxylic acid {linoleic acid (1.1%}. Brusotti et al., for P. muellerianus, also found caryophyllene oxide in high amount at 22.4%, a substantially higher value than that for the EO of P. salviifolius at 1.0% [18] . P. amarus, P. emblica, P. arenarius, and P. niriru did not show overlap between the chemical composition of their EOs and the results obtained in this study [19, 20] .
The results for antimicrobial activity are summarized in Table 2 . M. leucoxila EO showed activity against all strains tested. This oil showed the highest percentage of inhibition against S. typhimurium (57.6%) and P. aeruginosa (51.4%); likewise, the EO of P. salviifolius and V. stipularis showed greater activity against the strains mentioned, with percentages of inhibition higher than 50%. Significantly, the EO of M. leucoxila was active against Candida albicans and Aspergillus brasiliensis, with inhibition percentages of 52.9% and 47.8%, respectively. In contrast, V. stipularis EO was not active against these microbial strains. None of the analyzed oils was active against E. faecalis.
Compared with the positive controls, the inhibition percent of M. leucoxyla, P. salviifolius and V. stipularis EOs was 47.4%, 40.4% and 34.5%, respectively. When compared with the negative control, the three oils showed statistically significant differences (Figure 1 ).
The most sensitive microorganisms were Gram-negative bacteria, particularly S. typhimurium (56.0%), followed by P. aeruginosa (53.0%), whereas against the Gram-positive bacterium S. aureus and the yeast C. albicans, the percentage inhibition was 49.4% and 33.9%, respectively. Differences were not identified when comparing the inhibition percentage of each microorganism ( Figure  2 ). An MIC analysis was performed with the microorganisms for which the EOs had the highest percentages of growth inhibition. According to Table 3 , P. salviifolius EO had the highest antimicrobial activity when compared with the more sensitive strains (S. typhimurium and P. aeruginosa), with a MIC <3.9 μg/mL against P. aeruginosa. M. leucoxila EO showed a MIC of 62.5 mg/mL against A. brasiliensis, while the EO of V. stipularis showed activity on a smaller scale against S. typhimurium with a MIC of 125 mg/mL.
The presence of α-pinene (4.9%) in the V. stipularis EO could explain its specific antimicrobial activity against S. typhimurium. α-Pinene is an alkene characterized by the presence of a tetrasubstituted ring, making it a very reactive compound capable of undergoing structural rearrangements in its core. It is present in EOs of various plant species and has been recognized for its potent antimicrobial activity. Recent studies have shown that it effectively inhibits P450 2B [21] . In addition, this compound complies with the criteria described by Lipinsky related to the affinity for biological membranes and absorption, and therefore, related to its activity: it has a molecular weight less than 500 (136), has an index of lipophilicity (logP) equal to 4.3 and a number of groups which can T a b l e 2 : Antimicrobial activity of essential oils of Vallea stipularis, Myrcianthes leucoxyla and Phyllanthus salviifolius. aureus, but the results differ in the activity against E. coli. These differences could be related to the fact that the chemical composition of the essential oils is different due to the different extraction methods. Unlike our study, they reported α-pinene as the majority compound. In our case, caryophyllene oxide and 1,8-cineol were the more abundant compounds and α-pinene was not found [10, 23] .
Although citronellol and other alcohols and aldehydes are in low percentage in the EO of P. salviifolius (1.3%), some studies have associated their presence with antimicrobial activity. In addition, it described how these compounds generate bacterial membrane damage and affect the flow of electrons during ATP synthesis [24, 25] . Moreover, Cimanga et al. found that Eucalyptus citriodora EO, containing 6% citronellol, has significant antimicrobial activity against E. coli and S. aureus [26] . Due to the presence of an external wall composed of lipopolysaccharides, Gram-negative bacteria are more resistant than Gram-positive bacteria to the effect of EOs. This makes the entrance of lipophilic compounds difficult, including terpenes [27] . Despite this, the three EOs evaluated showed higher activity against this type of microorganism. It is well known that most EOs obtained from plant species have an abundance of lipophilic compounds in their chemical composition; however, the presence of minor components of hydrophobic character, such as phenolic compounds and some oxygenated hydrocarbons, may facilitate the passage of major compounds of EOs through the external bacterial wall [28] .
In recent decades, the microorganisms evaluated in this research have evolved through molecular adaptations that allowed them to express new resistance mechanisms [29] . Currently, the World Health Organization (WHO), the Center for Disease Control (CDC), the International Society for Infectious Diseases (IDSA), among other international governing agents, maintain constant epidemiological surveillance because of the growing profile of microorganism resistance acquired in a community or in a hospital [30] . A WHO report shows that in the last 30 years there have not been innovative developments in the area of antibiotic treatment. This is one of the main axes oriented to seek new horizons for the management of infectious diseases in the field of herbal medicine [22] . Previous research has demonstrated the antimicrobial properties of plant extracts with a spectrum of activity that includes different species of Gram-positive and Gram-negative bacteria, fungi and parasites [31] . Among the most studied and relevant, in vitro activity against resistant strains and wild Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Klebsiella spp. and Enterococcus spp. [32] [33] [34] were noted. In the same way, in vivo activity has also been documented and has been implemented as adjuncts in the management of urinary tract and soft tissue infections. The therapeutic indication of dry blueberry extract for the treatment or prophylaxis of uncomplicated lower urinary tract infections has also been recognized [35, 36] .
In conclusion, our results demonstrate that EOs obtained from M. leucoxila, V. stipularis and P. salviifolius exhibit antimicrobial activity with respect to the positive control, mainly against Gramnegative bacteria. M. leucoxyla EO was the most active, showing zones of inhibition against all strains used, specifically against P. aeruginosa and S. typhimurium with percentages of inhibition higher than 50%, with respect to positive controls; this activity may be related to the presence of 1,8-cineole. Finally, these results open the possibility that alternative sources of antimicrobial agents can be used for the treatment of infectious diseases associated with microbial strains that show higher sensitivity. To ensure the safety of herbal medicines, additional toxicity studies must be performed. collected in September 2014 (rainy season in the region). All plant materials were identified and authenticated at the Colombian National Herbarium by Dr Murillo and Parra, with voucher numbers 582580, 582581, 582582, respectively. Essential oils were obtained by hydrodistillation in a modified Clevenger equipment. Chopped fresh leaves of each species (300 g) were used in a ratio of 1:2 of plant material: distilled water; the extraction process was performed for 4 h. EOs were recovered using chloroform; samples were refrigerated at 4°C before analysis. 
Experimental

Plant materials and extraction of essential oils:
Gas chromatography -mass spectrometry analysis (GC-MS
Antimicrobial assay
Microorganisms and positive controls: The strains used in the trials were Gram-positive bacteria: [37] . The antimicrobial activity was evaluated using the disk diffusion method on Kirby-Bauer agar [38] . Sensi-discs (HardyDisk) were used soaked with 30 µL of EOs at a concentration of 50 µg/mL. To determine the antimicrobial activity, 1 mL of inoculum and 25mL of culture medium (Mueller Hinton Agar) were mixed. This mixture was homogenized and added to the Petri dishes. Subsequently, 4 sensi-discs soaked with different EOs were placed in the Petri dishes, which were then incubated at 35°C ± 2°C for 24 h for bacteria and at 25 ± 2°C for 72 h for fungi and yeasts. The inhibition zones were determined after the incubation time. Sensi-discs soaked with a standard antibiotic were used as a positive control, and sensi-discs soaked with the extraction solvent were used as negative control.
Minimum inhibitory concentration (MIC):
The MIC was performed by the microdilution method in 96-wells. The medium used for the dilutions was peptone water. In each well of the microplate 100 µL of liquid culture medium was added. Subsequently, 50 µL of EO at concentrations of 500, 250, 62, 5, 31, 25 µg/mL were used, and then 100 µL of the bacterial suspension with a concentration of 1 x 10 6 CFU was added. The microplates were incubated for 24 h at 35°C ± 2°C for bacteria and 72 h at 25 ± 2°C for the fungus and yeast. Finally, 10 µL of MTT (3-(4, 5dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide) was added per well at a concentration of 2.5 mg/mL and incubated for 8 h at the same incubation temperatures as in the above process. The absorbance was obtained at 550 nm in a Accu Elisa reader M965 microplate reader. The MIC was defined as the lowest concentration of EO that inhibits microbial growth. All assays were performed in triplicate [16] .
Statistical analysis:
The inhibition halos were expressed as the mean (mm) ± SEM. The inhibition percent was calculated taking the values of the inhibition halos of reference antibiotics using the formula: Inhibition (%) = (dm / dc) x 100 [dm: Inhibition zone diameter (sample), dc: Inhibition zone diameter (positive control)].
To compare the percent inhibition against the negative control and the percentage inhibition for each microorganism, the one-way ANOVA test was performed; the post-hoc analysis was performed with the Tukey's test. To compare the percent inhibition of each microorganism relative to the mean inhibition of each EO a twotailed t-test was performed, taking as reference the average inhibition of each EO. The results were considered statistically significant at P <0.05.
